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DETAILED ACTION 



Response to Amendment 

1. The amendment received on April 20, 2004 has been entered. Claims 
1-9 and 13-45 remain pending. 

Response to Arguments 

2. Each of the remarks and/or arguments filed with the aforementioned amendment 
have been considered: 



Applicant's Remarks at Response Page 10. Section I 



Summary of Applicant's Argument: Ortiz "only compares changes in the video 
signal from one image to another and does not analyze individual images by 
themselves" (response page 10, bottom paragraph). Ortiz is "not analyzing or 
processing the individual images separately as claims 15 and 31 require" (response 
page 1 1 , top paragraph). "No mention is made of computer analysis or processing of 
the Image" (response page 1 1 , top paragraph). 

Examiner's Response: Claim 15 (and equivalently in claim 31) requires a 
"computer system" to "analyze each image separately, extract discrete anomalies from 
each image, and generate an indication if a discrete anomaly is identified". 
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The claim does not further limit the nature of the analysis. An "analysis" is given 
the broadest reasonable interpretation consistent with its plain meaning. That is, an 
"analysis" is a methodical examination. This is exactly what Ortiz teaches. Turning to 
Ortiz figure 1 1 , video signals of the tubing are delivered to motion detectors 112. The 
video signals represent a continuous stream of data representing sequential frames of 
image information. As explained by the applicant at response page 1 1 , Ortiz "identifies 
a variation in the signals delivered from camera 36". Thus, some type of analysis of the 
signals must be made in order to determine whether a variation exists. Stated in the 
reverse, without some type of analysis of the video signals, it would not be possible to 
determine whether a variation exists. Ortiz states that the "motion detector circuits 
determine whether or not there are any defects" at column 6, line 61 , where 'Ihe 
magnitude of the video signal changes ... the motion detector circuits 1 12 detect these 
variations in the video signals" at column 7, lines 5-7. Thus, Ortiz teaches an analysis 
of the "magnitude" of the video signals to determine whether or not a variation exists 
that is indicative of a defect. This aspect of the Ortiz disclosure meets the broad 
definition of an analysis, especially given the lack of any further claim limitations 
defining the analysis. Further, given that Ortiz teaches a "circuit" for performing the 
analysis, and given that some type of computations must be performed by the circuit in 
order to determine whether a variation of magnitude exists, Ortiz meets the "computer" 
limitations; especially given the lack of any limitations defining what type of computer is 
utilized, and the nature of the computer. A computer is a machine that computes, and it 
can be either analog, digital or manual. Again, the terms of the claim are interpreted 



> 
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broadly, but properly and it is the examiner's contention tliat in the absence of any 
limitations further defining the analysis, or the computer, Ortiz anticipates the claim 
limitations as currently presented. 

Note: Ortiz anticipates the use of "image processing" at column 7, line 56, to 
evaluate the images. This also anticipates the aforementioned claim limitation of a 
computer analysis. 

In addition, even though the examiner disagrees with the applicant's 
representation of the Ortiz reference with respect to the claims in question, an 
obviousness type rejection is also advanced herein in order to expedite prosecution. 
That is, even if the "computer" and "analysis" limitations were not met by Ortiz, they 
would have been obvious given the state of the art at the time the invention was made. 

The remaining arguments (i.e., at response pages 12-27) are now moot in view 
of the new grounds of rejection advanced below. This Office Action is non-final. The 
reason a new grounds of rejection has been advanced is a follows: Many of the 
arguments are related to such things as whether the prior art teaches the use of a 
"computer", or a "processor", or "software", or a "framegrabber", or a "video stacker", 
etc. It is the examiner's contention, as has been pointed out in the previous Office 
Actions, that such features are well known and represent commonly used equipment, 
and are not the limitations that will cause a patent to be granted for this invention. In 
order to better clarify the examiner's position, a new grounds of rejection is advanced 
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herein. Further, an update search has yielded new references pertaining to some of the 
claimed subject matter. Therefore, this Office Action is made non-final. 

Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described In a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

4. Claims 15, 17, 18, 21 and 31 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Ortiz et al. by (US 4,988,875 A). 

Regarding claim 15, which is representative of claim 31, Ortiz discloses: 
plural imaging devices (figure 1 1 , numerals 36; "120 degrees from each other, 
can provide view of the entire bulk of the cable jacket" a column 6, line 58) capturing 
video images ("video camera" at column 4, line 33) of coiled tubing (figure 1 , numeral 
20; figure 1 1 , numeral 105 designating the same; the inspection system examines a 
"jacket" that is coiled as depicted in figure 1 , and the "jacked" is a tubing because it is 
hollow on the inside; the claim does not preclude the tubing from being filled, such as 
with a copper wire in the Ortiz reference); and 

a computer analyzing each image separately extracting discrete anomalies 
(figure 1 1 , numeral 112; also see figure 12; each image of the "video signal" at column 
7, line 3, is analyzed for the presence of a defect) and generating an indication if an 
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anomaly is a defect (e.g.. "time delayed signal representing eh occun'ence of any 
defect" at column 7, line 13; "location of the cable area being documented" at column 7, 
line 40). 

Regarding claim 17, the cameras are CCDs ("CCD" at column 4, line 25). 

Regarding claims 18 and 21 , a video stacker conrelates images (figure 1 1 , 
numerals 124 and 126) with a longitudinal position using a counter signal (figure 1 1 , 
numeral 116; "location of the cable area being documented" at column 7, line 40). 

Claim Rejections • 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 15, 17, 18, 21, 22, 23, 31 and 32 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over the combination of Ortiz et al. by (US 4,988,875 A) and 
Kanzaka et al. (US 5,680,473 A). 

Regarding claims 15 and 31 , even if Ortiz did not discloses a computer that 
analyzes individual images in order to determine the presence of a defect as argued by 
the application at response page 1 1 , computer implement image analysis for purposes 
of defect detection is well known, and would have been obvious in view of Kanzaka as 
described below. 
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Kanzaka discloses a system in the same field of optical defect inspection (see 
figure 1), and In the same problem solving area of detecting and recording defects on a 
moving body (figure 1, numeral 1), comprising computer analysis of individual images in 
order to determine the presence of a defect (figure 1 , numeral 3; "An image or video 
signal v from the video camera 2 is processed by an inspection machine 3 that is an 
electronic processor to inspect the existence or not of defects such as flaws, dirty or the 
like on the surface of the inspected object" column 2, lines 59-62). In summary, 
Kanzaka inspects a material as it moves (i.e., figure 1 , numeral 1 ) by capturing video 
images (figure 1 , numeral 2), and analyzing the images to provide a defect "detection 
signal d" (column 3, line 2), produce "necessary data D" including "location ... as well as 
size" (column 3, line 6), and provide a "composing signal C fomied of the data D and 
the video signal v" (column 3, line 42) along with "the inspection date, product type, lot 
number etc." (column 3, line 48) and the "distance" in the "length direction of the . 
inspected object" (column 3. lines 55-66). Kanzaka then sorts "the grades of the 
defects on the inspected object 1" (column 4, line 36). The Kanzaka system does 
essentially what Ortiz does via. the circuitry at figure 1 , except that Kanzaka's system is 
computer implemented and much more comprehensive in the data it gathers. 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to employ, as the defect detection and recording circuitry of Ortiz at figure 
1 1 , numerals 1 1 2, 1 16 and 1 26, the computer image analysis processor taught by 
Kanzaka (i.e., figure 1, numeral 3). One would be motivated to utilize the processor of 
Kanzaka for the following reasons: 
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Computer processors are faster than discrete analog circuitry, and the algorithms 
can be modified, updated or changed without major hardware adjustments; 

In order to provide the operator with a complete set of the necessary data for the 
inspected object so that any defects and their locations are "readily apparent" (Kanzaka 
column 4, line 10), so that "an accurate judgment to the acceptance or rejection of the 
defect on the inspected object 1 can be made" (Kanzaka column 4, line 33A); 

To provide the additional benefit of sorting "the grades of the defects" (Kanzaka 
column 4, line 36) which further assists on operator in separating potential defects from 
serious defects; 

To minimize storage requirements by only storing the necessary data and 
images of defects ("minimum usage" at Kanzaka column 4, line 24); 

To provide an increase in the "inspection speed" (Kanzaka column 1 , line 39) 
thus allowing the tubing to be inspected at a higher speed, thereby reducing inspection 
time; to 

Recognizing unwanted defects ("X marks ... cannot be overlooked" at column 3, 
line 18) and ignoring innocuous defects ("O marks ... may be ignored" at column 3, line 
20) thus distinguishing between unwanted and innocuous defects to further improve 
accuracy by flagging innocuous defects as such, and directing the operator's attention 
to more serious defects that could cause failure, and reduce the downtime association 
with an operator having to review surface conditions that are not serious, and will not 
cause failure. 
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Regarding claim 17, Ortiz disclosed three CCD cameras surrounding the tubing 
("three ... cameras" at column 6, line 55) and the Ortiz/Kanzaka combination does not 
change this. The combination utilizes the image signals from the Ortiz cameras as input 
into the computer analysis system of Kanzaka. 

The requirements of claims 18 and 21 are met by the Ortiz and Kanzaka 
combination described above. That is, Kanzaka teaches a video stacker ("video signal 
V and the data D from the video processor unit 5 are mixed to provide a composing 
signal C which is delivered to a video signal recorder unit 8; this is done for each 
detected defect; thus, the detected defects are stacked on recorder unit 8) conrelating 
images with a longitudinal position using a counter signal ("such distance data will be 
contained in the data D" at Kanzaka column 3, line 66). It would have been obvious to 
provide such stacked data regarding any defects detected in the Ortiz system for the 
same reasons cited above, as well as to be able to locate the actual defect on the 
tubing to either correct it, or removed it before it causes a failure in the field. 

Regarding claim 22, the Kanzaka system as well as the Ortiz system both detect 
and output defects as the inspection articles are conveyed, and thus both detect defects 
in real time. Likewise, the Ortiz and Kanzaka combination detects defects in real time. 

Regarding claim 23, Ortiz teaches storing video images for later defect 
identification at figure 1 1 , numeral 126. The images are stored for later manual 
inspection by an operator. The Ortiz and Kanzaka combination does not change this 
aspect of Ortiz, except that a more comprehensive collection of data concerning the 
defects are stored per Kanzaka figure 1, numeral 10, as described above. 
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Regarding claim 32, the Ortiz and Kanzaka combination provides a waming 
event (Kanzaka teaches storing only data regarding defects, when they are detected, at 
figure 1, numeral 10, displaying the data at numeral 12, as well as outputting the data 
on a strip chart at numeral 9, as depicted In figure 2). 

7. Claim 41 is unpatentable over the combination of Ortiz et al. by (US 4,988,875 A) 
and Kanzaka et al. (US 5,680,473 A) as applied to claim 31, and further in combination 
with Puffer (US 4,563,095 A). 

While the Ortiz and Kanzaka combination processes images to detect defects, 
the combination does not teach determining if the size of a discrete anomaly exceeds a 
user-defined threshold. 

Puffer discloses a system for visually inspecting coiled tubing (figure 1 ), 
comprising detemnining if the size of a discrete anomaly exceeds a user-defined 
threshold (figure 2, numeral 52; "counter 52 increments each time a pixel senses light 
above the threshold level, and provides an output 55 to an annunciator or alarm 56 
each time [a] preselected count (i.e., 16) is reached" where "the count is one indicative 
of a flaw such as a pip 22" at column 6, lines 1-5; "the cumulative count during each 
scanning frame corresponds to the size of the image on detector 38, and may 
correspond to the size of a pip 22" at column 6, lines 10-14) 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to adapt the flaw detection processor of the Ortiz and Kanzaka 
combination to determine if the size of a discrete anomaly exceeds a user-defined 
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threshold as taught by Puffer, in order to provide a size criteria for the indication of real 
defects, thus preventing the false indication of a defect ("falsely indicate" at Puffer 
column 6, line 35). 

8. Claim 24 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Ortiz et al. by (US 4,988,875 A) and Kanzaka et al. (US 5,680,473 A) as 
applied to claim 15 above, and further in combination with Newman (US 6,321 ,596 B1). 

Claim 24 requires a longitudinal stripe on the outer surface of the tubing. The 
remainder of the claim, "for the purpose of, is an intended use limitation and does not 
constitute a positively recited structure element, or a step. Thus, is afforded no weight. 

The Ortiz and Kanzaka combination does not teach a longitudinal stripe on the 
outer surface of the tubing. 

Newman teaches a system for inspecting coiled tubing (figure 1 ) comprising a 
longitudinal stripe on the outer surface of the tubing ("a visible line is marked along the 
coiled tubing" at column 3, line 42). The purpose of this stripe as described by Newman 
Is as a reference mark, for visual monitoring via. a camera, from which to monitor tubing 
characteristics such as rotation ("coiled tubing can be mari^ed and locations of markings 
can be measured in a variety of ways", "rotational orientation of the line ... is monitored 
visually, with ... camera(s)" at column 3, lines 40-45; "take discrete rotational 
measurements at one or at a plurality of locations on a length of coiled tubing while it is 
being unspooied" at column 3, line 23; the rotation of the tube is a measure of "fatigue 
damage" at column 4, line 25). 
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It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide the tubing of the Ortiz and Kanzaka combination with at least 
one longitudinal stripe for purposes of measuring rotational orientation of the tubing, 
thereby ensuring that the tubing has not been fatigued by undue amounts of rotation. 

9. Claim 25 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Ortiz et al. by (US 4,988,875 A) and Kanzaka et al. (US 5,680,473 A) as 
applied to claim 15 above, and further in combination with Hametner et al. (US 
5,046,852 A). 

Claim 25 requires the pattern recognition software to measure outside diameter 
of the tubing and indicate whether it is outside a user-defined tolerance. 

The Ortiz and Kanzaka combination does not teach the measurement of 
diameter. 

Hametner discloses a system in the same field of optical tube inspection ("tube 
material" at column 1, line 52; "optically scanned" at column 2, line 36), comprising the 
pattern recognition software (the system is computer implemented, and measurements 
are made by image processing) to measure outside diameter of the tubing ("diameter" 
at column 1 , line 53, and elsewhere) and indicate whether it is outside a user-defined 
tolerance ("conforms to a desired configuration" at column 2, line 35; "desired 
configuration within a predetemnined tolerance" at column 2. line 44). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art adapt the pattern recognition software of the Ortiz and Kanzaka 
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combination to include, as a further measurement of the tube's physical condition, the 
outside diameter as taught by Hametner, in order to ensure further ensure confonnity 
with design standards and to ensure a proper tube thickness to prevent failure during 
use. 

10. Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Ortiz et al. by (US 4.988,875 A) and Kanzaka et al. (US 5.680.473 A) as 
applied to claim 15 above, and further in combination with Greenwood et al. (US 
3,770,111 A). 

The Ortiz and Kanzaka combination does not teach the use of fiber optic image 
devices. 

Greenwood discloses an optical inspection system wherein Greenwood teaches 
the use of fiber optic imaging devices ("fiber light guides" at column 3, line 58). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to utilize the fiber optic image devices of Greenwood, in order to capture 
the images required by the Ortiz and Kanzaka combination, in order to "gather light over 
a much larger portion" of the tubing (Greenwood, column 4, line 1) with "a considerable 
decrease in optical complexity" (Greenwood, column 4, line 4), thereby providing an 
accurate and detailed image using a less complex, less prone to failure and lower cost 
image system. 
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1 1 . Claims 19 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the combination of Ortiz et al. by (US 4,988,875 A) and Kanzaka et al. (US 
5,680,473 A) as applied to claim 18 above, and further in combination with Chiu et al. 
(US 6.031,931 A). 

While the Ortiz and Kanzaka combination teaches a "position detector 1 ' such as 
a rotary encoder" (Kanzaka column 3, line 60) for detecting the position of the tubing in 
the movement direction, Ortiz and Kanzaka does not teach disabling or enabling the 
inspection system based on sensor speed. 

Chiu discloses a system for inspecting an elongated body In motion (figure 3), 
comprising a counter ("cycle detector" and "encoder" at column 6, line 5) receiving 
location data indicating a position of a defect ("position" at column 6, line 28) and 
disabling or enabling the inspection system based on sensor speed ("beginning of a 
cycle" at column 6, line 6; "synchronize camera operation with movement" at column 6, 
line 37). 

It would have been obvious at the time the Invention was made to one of ordinary 
skill in the art utilize the rotary encoder of the Ortiz and Kanzaka combination, to enable 
and disable the image capture and inspection in order to automatically begin and 
continuously synchronize the camera operation with the movement to obviate the 
capture of to many or to few images for inspection. 
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12. Claims 1-3, 5-7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the combination of McCoy et al. (US 5,767,671 A) and Kanzaka et al. (US 
5,680,473 A), and further in combination with Morrison et al. (US 5,033,096 A). 

Regarding claim 1 , McCoy discloses an inspection system for coiled tubing 
employed in a well (figure 4; "as the coiled tubing is unwound from the reel" at column 6, 
line 60; "dents, wall thinning, cracks" at column 5, line 33), comprising: 

a sensing device (figure 4, numeral 52) sensing a condition of the coiled tubing 
surface (figure 4, numeral 16) as the coiled tubing is being injected into or removed from 
a well ("as the coiled tubing is unwound from the reel" at column 6, line 60). 

While McCoy contemplates any type of sensing device to achieve the desired 
inspection results (see "particular coiled tubing and test apparatus are neither the 
present invention nor limiting ..." at column 5, line 42), McCoy does not teach the 
remaining elements of claim 1 that are directed to image inspection. These elements 
are addressed in the description of the secondary teachings below. 

Kanzaka discloses a system in the same field defect inspection (see figure 1 ), 
and in the same problem solving area of detecting and recording defects on a moving 
body (figure 1, numeral 1), comprising: 

An imaging device recording video signals of a segment of a moving body to be 
inspected (figure 1, numeral 2); 

a conductor transmitting the video signals to a flaw detection processor (figure 1 , 
signal V); and 
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a program in the processor configured to execute pattern recognition software 
and analyze each image separately to detect discrete anomalies on the object (figure 1 , 
numeral 3; "An image or video signal v from the video camera 2 Is processed by an 
inspection machine 3 that is an electronic processor to inspect the existence or not of 
defects such as flaws, dirty or the like on the surface of the inspected object" column 2, 
lines 59-62). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to employ, as the sensor and computer required by McCoy at figure 4, 
numerals 52 and 54, the camera and image analysis method of taught by Kanzaka (i.e., 
figure 1, numeral 3) in order to detect flaws on the coiled tubing of McCoy. One would 
be motivated to utilize the camera and image analysis method of Kanzaka for the 
following reasons: 

In order to provide the operator with a complete set of the necessary data for the 
inspected object so that any defects and their locations are "readily apparent" (Kanzaka 
column 4, line 10), so that "an accurate judgment to the acceptance or rejection of the 
defect on the inspected object 1 can be made" (Kanzaka column 4, line 33A); 

To provide the additional benefit of sorting "the grades of the defects" (Kanzaka 
column 4, line 36) which further assists on operator in separating potential defects from 
serious defects; 

To minimize storage requirements by only storing the necessary data and 
images of defects ("minimum usage" at Kanzaka column 4. line 24); 
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To provide an increase in the "inspection speed" (Kanzaka column 1 , line 39) 
thus allowing the tubing to be inspected at a higher speed, thereby reducing inspection 
time; 

To recognize unwanted defects ("X marks ... cannot be overlooked" at Kanzaka 
column 3, line 18) and ignore innocuous defects ("O marks ... may be ignored" at 
Kanzaka column 3, line 20) thus distinguishing between unwanted and innocuous 
defects to further improve accuracy by flagging innocuous defects as such, and 
directing the operator's attention to more serious defects that could cause failure, and 
reducing the downtime associated with an operator having to review surface conditions 
that are not serious, and will not cause failure. 

The above McCoy and Kanzaka combination teaches the transmission of video 
images (figure 1 , V) of the coiled tubing from a video camera (i.e., figure 1 , numeral 2 
of Kanzaka) to a flaw detection unit (i.e., figure 1 , numeral 4 of Kanzaka). While the 
flaw detection unit receives, accepts and processes of the video signals to detect 
defects in individual images, details of how the images are converted from a "video" 
stream to individual images for processing are left out. This is because such 
rudimentary details are well within the skill level of one of ordinary skill in the art. 
Therefore, the McCoy and Kanzaka combination does not teach: 

An image grabber generating images of the tubing segment from the video 
signals. 
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Morrison discloses a defect detection system (figures 1 and 2). wherein he 
addresses the same problem of capturing and processing images of a moving object 
(figure 1, numeral 7), comprising: 

an image grabber input device (figure 1, numeral 9) receiving the video signals 
(figure 1 , numeral 8) and generating sequential images of the moving object's surface 
from the video ("captured signals corresponding to each frame of video signals are 
preferably digitized ..." at column 4, line 38). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to modify the McCoy and Kanzaka, by providing the flaw detection unit 
(i.e.. Kanzaka figure 1 , numeral 4) with the video camera/frame grabber arrangement as 
taught by Morrison (i.e., Morrison figure 1, numerals 6, 8 and 9) to accept and digitize 
the video signal into discrete images for subsequent analysis and flaw detection. One 
skilled in the art would be motivated to make this modification for the following reasons: 

In order to process individual images as is required by the Ortiz and Kanzaka 
combination (i.e., "an image ... is processed" at Kanzaka column 2, line 59) by 
converting the input video signal, which is a continuous signal representing a plurality of 
images in serial sequence, into individual digitized images; 

The video camera and frame grabber of Morrison are commonly available, off- 
the-shelf items as described at section 6 of Morrison (i.e., column 7, lines 5-51), thus 
reducing the cost associated with specialize, custom camera and processors; 

The ability to "collect the video information sufficiently quickly that the spatial 
resolution of the camera is not degraded, and to digitized the information into a large 
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range of numbers representing brightness or gray levels" (Morrison, column 7, line 10), 
thus producing an accurate image in a short period of time; and 

Because of the ability to store the images "in a dedicated area of memory" 
(Morrison, column 7, line 27) which offers "higher overall system speed" (Morrison, 
column 7, line 34), thus providing the McCoy and Kanzaka combination with the ability 
to accurately process more images to ensure that no defects on the moving tubing are 
missed. 

Regarding claim 5 specifically, the frame storage of Morrison stores subsequent 
frames, and is thus a stacker. 

Regarding claims 2 and 3 are met by the above McCoy and Kanzaka 
combination. That is, Kanzaka discloses, as part of his flaw detection processor (i.e., 
figure 1, numeral 3), receives location data indicating a position of a defect ("location 
thereof at column 3, line 6), and stamps the coordinates of the defect onto the image of 
the defect ("composing section 6, the video signal v and the data D ... are mixed to 
provide a composing signal C which is delivered to a video signal recorder" at column 3, 
line 37). It would have been obvious at the time the invention was made to one of 
ordinary skill in the art to mix the location coordinates and images of the above McCoy, 
Kanzaka and Morrison combination as taught by Kanzaka in order to have a log of the 
actual images along with locations for future review and analysis of defects, and to 
pinpoint exactly where on the tubing defects are located for longevity analysis are 
repair/correction of the tubing. 
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Regarding claim 6, the limitations therein are met by the McCoy, Kanzaka and 
Morison combination as described above. That is. in the above combination, the 
Kanzaka defect detection processor is used to recognize and store defects in the 
McCoy system. Kanzaka teaches as part of that processing recognizing and classifying 
defects ("the grades of the defects" at Kanzaka column 4, line 36). 

Regarding claim 7, McCoy inspects for "cracks" at column 5, line 33 and the 
above combination does not change that. 

Regarding claim 9, the McCoy, Kanzaka and Morrison generates a warning 
signal (Kanzaka figure 1, numeral 9 and/or 12). 

13. Claim 43 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A), Kanzaka et al. (US 5,680.473 A), and 
Morrison et al. (US 5,033,096 A) as applied to claim 1 , and further in combination with 
Terry et al. (US 6,296,066 B1). 

The McCoy, Kanzaka and Morrison combination does not teach the specific 
limitation regarding the coiled tubing as required by claims 43. including an outer-wear 
layer; and a contrasting layer beneath the wear layer; wherein if the outer wear layer is 
worn away, the contrasting layer becomes visible as a contrasting feature on the tubing. 

Terry discloses a coiled tubing (figure 1 , numeral 20) comprising: an outer wear 
layer ("wear layer 36" at column 10, line 22); and a contrasting layer beneath the wear 
layer ("underlying load carrying layers 34" at column 10, line 27); wherein if the outer 
wear layer is worn away, the contrasting layer becomes visible as a contrasting feature 
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on the tubing (tlie wear layer "can be of a different fiber and color making it easy to 
determine the wear locations" at column 10, line 33). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to utilize the coiled tubing taught by Terry, as the tubing for well deploying 
and monitoring require by McCoy, in order to make it "easy to determine the wear 
locations" (Terry, column 10. line 33) due to the color differences between the outer and 
under layers. 

14. Claims 44 and 45 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the combination of McCoy et al. (US 5,767,671 A), Kanzaka et al. (US 5,680,473 
A), Morrison et al. (US 5,033,096 A) and Terry et al. (US 6,296,066 B1 ) as applied to 
claim 43, and further in combination with Newman (US 6,321,596 B1). 

While the McCoy, Kanzaka, Morrison and Terry combination teaches the 
Inspection of coiled tubing employed in a well (McCoy figure 4; "as the coiled tubing is 
unwound from the reel" at column 6, line 60; "dents, wall thinning, cracks" at column 5, 
line 33), McCoy does not teach the outermost layer individual distinguishable stripes. 

Newman teaches a system for inspecting coiled tubing (figure 1 ), comprising 
longitudinal stripes on the outer surface of the tubing ("series of visible lines ... along its 
length" at column 3, line 43). The purpose of the stripes described by Newman is as a 
reference mark, for visual monitoring via. a camera, from which to monitor tubing 
characteristics such as rotation ("coiled tubing can be marked and locations of markings 
can be measured in a variety of ways", "rotational orientation of the line ... is monitored 



Application/Control Number: 10/032,272 Page 22 

Art Unit: 2621 

visually, with ... camera(s)" at column 3, lines 40-45; "take discrete rotational 
measurements at one or at a plurality of locations on a length of coiled tubing while it is 
being unspooled" at column 3, line 23; the rotation of the tube is a measure of "fatigue 
damage" at column 4, line 25). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide the tubing of the McCoy, Kanzaka, Morrison and Terry 
combination with longitudinal stripes as taught by Newman, in order to measure the 
rotational orientation of the tubing as a further indicator of "fatigue", thus improving the 
accuracy of the inspection by providing the additional criteria of rotational fatigue. 

15. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A), Kanzaka et al. (US 5,680,473 A), and 
Morrison et al. (US 5,033,096 A) as applied to claim 1 , and further in combination with 
Hametner et al. (US 5,046,852 A). 

Claim 8 requires the program to measure the diameter of the tubing. 

The McCoy, Kanzaka and Morrison combination does not teach the 
measurement of diameter. 

Hametner discloses a system in the same field of optical tube inspection ("tube 
material" at column 1, line 52; "optically scanned" at column 2, line 36), comprising the 
pattern recognition software (the system is computer implemented, and measurements 
are made by image processing) to measure outside diameter of the tubing ("diameter" 
at column 1 , line 53, and elsewhere) and indicate whether it is outside a user-defined 
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tolerance ("conforms to a desired configuration" at column 2, line 35; "desired 
configuration within a predetemnined tolerance" at column 2, line 44). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art adapt the flaw detection processor of the McCoy, Kanzaka and Morrison 
combination to included, as a further measurement of the tube's physical condition, the 
outside diameter as taught by Hametner, in order to ensure further ensure conformity 
with design standards and to ensure a proper tube thickness to prevent failure during 
use. 

16. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A), Kanzaka et al. (US 5,680,473 A) and 
Morrison et al. (US 5.033.096 A) as applied to claim 1 . and further in combination with 
Endsley et al. (US 6.05,613 A). 

The McCoy, Kanzaka and Morrison combination does not teach 640X480 
camera resolution with 8 bits per color. 

Endsley discloses an CCD camera comprising 640X480 resolution with 8 bits per 
color ("Kodak KAI-0320CM". "640 columns and 480 rows", "8-bit" at column 3, lines 26, 
28 and 36). 

It would have been obvious at the time the Invention was made to one of ordinary 
skill in the art to utilize the CCD camera taught by Endsley. as the camera required by 
the McCoy, Kanzaka and Morrison combination, in order to keep the system cost low by 
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using a standard, commercially available and off-the-shelf camera, while providing a 
high quality 640X480 image to ensure an accurate inspection. 

17. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Puffer (US 4,563.095 A) and Morrison et al. (US 5,033.096 A). 

Regarding claim 26, Puffer discloses a system for automated tubing inspection 
(figure 1), comprising: 

a processing circuit (figure 1, numeral 44); 

a camera producing a sequence of images ("CID detector array" at column 5, line 
41; this detector produces a continuous sequence of frames; see "scanning raster" at 
column 5, line 61 and "each frame" at column 6, line 6) of a tubing surface (figure 1 , 
numeral 16; "irregularities in the cable coating" at column 1, line 36; Puffer inspects a 
cable coating, and the coating itself is a tubular member in that it is hollow on the inside 
per se.; the claim is open ended and does not preclude the coating, or tubing from being 
filled, such as with a conductor in the case of Puffer), 

a pattern classifier circuit (figure 2. numerals 48, 54 and 52) reading each image 
separately ("each frame" at column 6, line 7), extracting discrete anomalies of the tubing 
from the image and comparing the sizes of the anomalies against a user-defined 
threshold (figure 2, numeral 52; "counter 52 increments each time a pixel senses light 
above the threshold level, and provides an output 55 to an annunciator or alarm 56 
each time [a] preselected count (i.e., 16) is reached" where "the count is one indicative 
of a flaw such as a pip 22" at column 6, lines 1-5; "the cumulative count during each 
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scanning frame corresponds to the size of the image on detector 38, and may 
correspond to the size of a pip 22" at column 6, lines 10-14); and 

generating an interrupt indicating that a defect has been located if the pattern 
classification circuit determines that a size of a discrete anomaly does not fall within the 
user-defined threshold (This limitation is met in at least two ways: First, whenever the 
pip size threshold is met, the normal process is interrupted by the recording of the pip 
size; e.g., see "provide a record of pip sizes during each scanning frame" at column 6, 
line 15; Second, as mentioned above, an alarm is sounded when the pip size meets the 
threshold; e.g.. see "actuating alarm 56 only if it accumulates the requisite count (i.e., 
16)" at column 6. line 31). 

Puffer does not teach a computer processor having pattem recognition software 
do perform the extract the discrete anomalies, and puffer does not teach a separate 
output device producing video signals of the tubing and an input device receiving the 
video signals and generating sequential images of the tubing surface from the video 
input. 

Morrison discloses a defect detection system (figures 1 and 2), wherein he 
addresses the same problem of capturing and processing images of a moving object 
(figure 1, numeral 7), comprising: 

a computer processor having pattern recognition software ("software" at column 
4, line 34) extracting discrete anomalies (figure 1, numeral 10; "abrupt change in the 
brightness" at column 2, line 57), an output device producing video signals of the 
inspection object (figure 1 , numeral 6; "video camera" at column 4, line 23), an input 
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device receiving the video signals and generating sequential images of the tubing 
surface from the video input (figure 1, numeral 9; "frame grabber" at column 4, line 33). 
Specifically, Morrison teaches an image grabber input device (figure 1, numeral 9) 
receiving the video signals (figure 1 , numeral 8) and generating sequential images of 
the moving object's surface from the video ("captured signals corresponding to each 
frame of video signals are preferably digitized ..." at column 4, line 38). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to modify the image capture and processing circuit of Puffer (figure 1 , 
numeral 44), by capturing images and implementing the defect detection processing of 
Puffer utilizing the video camera, frame grabber and patter recognition software as 
taught by Morrison. One skilled in the art would be motivated to make this modification 
for the following reasons: 

In order to conveniently capture individual images for processing as required by 
Puffer quickly and efficiently without the need for any specialized hardware as currently 
disclosed by Puffer; 

The video camera and frame grabber of Morrison are commonly available, off- 
the-shelf items as described at section 6 of Morrison (i.e., column 7, lines 5-51), thus 
reducing the cost associated with specialize, custom camera and processors; 

The ability to "collect the video information sufficiently quickly that the spatial 
resolution of the camera is not degraded, and to digitized the Information into a large 
range of numbers representing brightness or gray levels" (Morrison, column 7, line 10), 
thus producing an accurate Image In a short period of time; and 
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Because of the ability to store the images "in a dedicated area of memory" 
(IVIorrison, column 7, line 27) which offers "higher overall system speed" (Morrison, 
column 7, line 34), thus providing the McCoy and Kanzaka combination with the ability 
to accurately process more images to ensure that no defects on the moving tubing are 
missed. 

18. Claims 27 and 29 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the combination of Puffer (US 4,563,095 A) and Morrison et al. (US 5,033,096 A) 
as applied to claim 26 above, and further in combination with Ortiz et aL (US 4.988.875 
A) and Vild et al. (US 4.123.708 A). 

Regarding claim 27, while the Puffer and Morrison combination records data 
pertaining to identified defects (i.e.. Puffer figure 2, numeral 58), the combination does 
not teach: 

An input for receiving location of data indicating the position from which images 
are taken, and generating an interrupt to transmit an image containing the defect and 
the corresponding location data to an output device. 

Ortiz discloses a system for inspecting coiled tubing (figure 11), comprising an 
input for receiving location of data indicating the position from which images are taken 
(figure 1 1 . numeral 128; "location of the cable area being documented" at column 7. line 
40), and generating an interrupt to transmit an image containing the defect and the 
corresponding location data to an output device (whenever a defect is identified by the 
motion detectors at figure 1 1 , numeral 1 12, an interrupt is sent via. 1 16 to record the 
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images of tlie defect along with tlie aforementioned location data; see "video signals 
representing the images of the defective segment ... are transmitted ... to a video 
recording system" at column 7, lines 25-30; "the information includes ... location" at 
column 7, line 39). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide the Puffer and Morrison combination with an image and 
location data recording system for recording the images and the location of the 
defective portions of the tubing as taught by Ortiz, so that "those images can be 
evaluated either visually or, by Image processing for the purpose of eliminating some 
cable locations for close inspection" (Ortiz column 7, line 56) thereby filtering out false 
defects so that real defects can be re-examined more closely to ensure accuracy. 

The Puffer. Morrison and Ortiz combination, while recording location data, does 
not teach markings on the coiled tubing to provide location data on the coiled tubing. 

Vild discloses a system for inspecting tubes for flaws ("flaw inspection" and "pipe" 
at column 3, lines 35 and 37), comprising markings on the coiled tubing to provide 
location data on the coiled tubing ("marking of the location of the defect" at column 5, 
line 50; "marking gun" at column 6, line 5). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to modify the Puffer. Morrison and Ortiz combination, to provide a visual 
"indication not only of the longitudinal location of the defect, but also an indication of the 
circumferential location of the defect" (Vild column 5. line 53), thereby providing the 
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combination with an easy, intuitive way from which to locate the defects both in the 
images and on the actual pipe. 

Regarding claim 29. while the Puffer. Morrison. Ortiz and Vild combination 
teaches the recording of defect information (i.e., Puffer figure 2, numeral 58), the 
combination does not teach a monitor. 

IVIorrison further teaches a monitor for viewing the defect information (figure 1 , 
numeral 11). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide Puffer with a monitor as taught by Morrison so that an operator 
can easily and readily view the stored defect information to review and possibly confirm 
the accuracy of the results. 

19. Claims 28 and 30 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the combination of Puffer (US 4,563,095 A), Morrison et al. (US 5,033,096 A). Ortiz 
et al. (US 4,988,875 A) and Vild et al. (US 4,123,708 A) as applied to claim 27 above, 
and further in combination with Kanzaka et al. (US 5.680,473 A). 

Regarding claim 28, while the Puffer, Morrison, Ortiz and Vild combination 
teaches the recording of defect information (i.e.. Puffer figure 2, numeral 58), the 
combination does not teach a printer. 

Kanzaka discloses a defect inspection system comprising recording defect 
information on paper via. a printer (figure 1 , numeral 9 and figure 2). 
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It would have been obvious at the time the invention was made to one of ordinary 
sk\\\ in the art to record the defect information (e.g., location) each time the defect alarm 
is generated by Puffer in order to provide a permanent record of both the defect location 
so that an operator can view and further classify the defects to ensure "an accurate 
judgment to the acceptance or rejection of the defect on the inspected object" as 
described by Kanzaka, at column 4, lines 26-38, and to provide an intuitive indication of 
where the defects are in relation to the moving tubing (see figure 2, and column 3, lines 
8-15). 

Regarding claim 30, Kanzaka discloses his classifier as recognizing unwanted 
defects ("X marks ... cannot be overlooked" at column 3, line 18) and ignoring 
innocuous defects ("O marks ... may be ignored" at column 3, line 20). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to train the Puffer, Morrison, Ortiz and Vild combination to distinguish 
between unwanted and innocuous defects as taught by Kanzaka, to further improve 
accuracy by flagging innocuous defects as such, and directing the operator's attention 
to more serious defects that could cause failure, and reduce the dowtime association 
with an operator having to review surface conditions that are not serious, and will not 
cause failure. 

20. Claim 1 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A) and Kanzaka et al. (US 5,680,473 A), 
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and further in combination with Newman (US 6,321,596 B1) and Reis et al. (US 
4,311.905 A). 

Regarding claim 13, l\1cCoy discloses an inspection system for coiled tubing 
employed in a well (figure 4; "as the coiled tubing is unwound from the reel" at column 6, 
line 60; "dents, wall thinning, cracks" at column 5, line 33), comprising: 

a sensing device (figure 4, numeral 52) sensing a condition of the coiled tubing 
surface (figure 4, numeral 16) as the coiled tubing is being injected into or removed from 
a well ("as the coiled tubing is unwound from the reel" at column 6, line 60). 

While McCoy contemplates any type of sensing device to achieve the desired 
inspection results (see "particular coiled tubing and test apparatus are neither the 
present invention nor limiting ..." at column 5, line 42), McCoy does not teach the 
remaining elements of claim 1 that are directed to image inspection. These elements 
are addressed in the description of the secondary teachings below. 

Kanzaka discloses a system in the same field defect inspection (see figure 1 ), 
and in the same problem solving area of detecting and recording defects on a moving 
body (figure 1, numeral 1), comprising: 

An imaging device (figure 1 , numeral 2) recording video signals (figure 1 , "v") of a 
segment of a moving body to be inspected (figure 1, numeral 1); 

a flaw detection processor receiving the video signals (figure 1 , numeral 3); and 

a program in the processor configured to execute pattern recognition software 
and analyze each image separately to detect discrete anomalies on the object (figure 1 , 
numeral 3; "An image or video signal v from the video camera 2 is processed by an 
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inspection machine 3 that is an electronic processor to inspect the existence or not of 
defects such as flaws, dirty or the like on the surface of the inspected object" column 2, 
lines 59-62). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to employ, as the sensor and computer required by McCoy at figure 4, 
numerals 52 and 54, the camera and image analysis method of taught by Kanzaka (i.e., 
figure 1 , numeral 3) in order to detect flaws on the coiled tubing of McCoy. One would 
be motivated to utilize the camera and image analysis method of Kanzaka for the 
following reasons: 

In order to provide the operator with a complete set of the necessary data for the 
inspected object so that any defects and their locations are "readily apparent" (Kanzaka 
column 4, line 10), so that "an accurate judgment to the acceptance or rejection of the 
defect on the Inspected object 1 can be made" (Kanzaka column 4, line 33A); 

To provide the additional benefit of sorting "the grades of the defects" (Kanzaka 
column 4, line 36) which further assists on operator in separating potential defects from 
serious defects; 

To minimize storage requirements by only storing the necessary data and 
images of defects ("minimum usage" at Kanzaka column 4, line 24); 

To provide an increase in the "inspection speed" (Kanzaka column 1 , line 39) 
thus allowing the tubing to be inspected at a higher speed, thereby reducing inspection 
time; to 
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Recognizing unwanted defects ("X marks ... cannot be overlooked" at column 3, 
line 18) and ignoring innocuous defects ("O marks ... may be ignored" at column 3, line 
20) thus distinguishing between unwanted and innocuous defects to further improve 
accuracy by flagging innocuous defects as such, and directing the operator's attention 
to more serious defects that could cause failure, and reduce the dowtime association 
with an operator having to review surface conditions that are not serious, and will not 
cause failure. 

While the McCoy and Kanzaka combination teaches the inspection of coiled 
tubing as it is deployed, the combination does not teach: 

A composite coiled tubing having layers of fibers forming the tubing wall; 
The outermost layer having a stripe; and 

The processor detecting a circumferential position of a defect in reference to the 

stripe. 

Newman teaches a system for inspecting coiled tubing (figure 1), comprising the 
inspection of a composite coiled tubing ("composites" at column 1, line 12) having layers 
of fibers forming the tubing wall (layers of fibers is an inherent characteristic of a 
composite), Newman states that "coiled tubing is made of plastic, composites, titanium 
or steel" at column 1 , line 1 1 . 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to inspect, using the McCoy and Kanzaka combination, composite coiled 
tubing because it is one of the primary materials with which coiled tubing is made. 
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Furthermore, Newman teaches a longitudinal stripe on the outer surface of the 
tubing ("a visible line is marked along the coiled tubing" at column 3, line 42). The 
purpose of this stripe as described by Newman is as a reference mark, for visual 
monitoring via. a camera, from which to monitor tubing characteristics such as rotation 
("coiled tubing can be marked and locations of markings can be measured in a variety 
of ways", "rotational orientation of the line ... is monitored visually, with ... camera(s)" at 
column 3, lines 40-45; **take discrete rotational measurements at one or at a plurality of 
locations on a length of coiled tubing while it is being unspooled" at column 3, line 23; 
the rotation of the tube is a measure of 'tatigue damage" at column 4, line 25). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide the tubing of the McCoy and Kanzaka combination with at least 
one longitudinal stripe for purposes of measuring rotational orientation and "fatigue 
damage" of the tubing, thereby providing another important measure of the tubing's 
overall condition. 

Finally, while the McCoy. Kanzaka and Newman combination teaches the 
detection of defects on a composite coil tubing having a stripe, the combination does 
not teach providing a circumferential position of a defect in reference to the stripe. 

Ries discloses a system for inspecting tubing ("testing of pipes" in the title; "tube, 
pipe, or other hollow" at column 3, line 12), comprising relating defects found during an 
inspection ("defects" at column 3, line 59) to a reference mark on the tubing itself 
("central marking" at column 3, line 35; "the ultrasonic test equipment identified the 
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locations of these defects, e.g. by signals representing he distance of the suspected 
defects from the central marking on the pipe" at column 3, line 60). 

Given the art as a whole, It would have been obvious at the time the Invention 
was made to one of ordinary skill in the art to relate any defects found in the McCoy, 
Kanzaka and Newman combination to the central marking, or stripe on the composite 
tubing, so that the defects can be easily located in the circumferential direction during 
later visual inspection. 

21 . Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A), Kanzaka et al. (US 5,680,473 A), 
Newman (US 6,321 ,596 B1 ) and Reis et al. (US 4,31 1 ,905 A) combination as applied to 
claim 13 above, and further in combination with Garcia et al. (US 5,923,771 A). 

The McCoy, Kanzaka, Newman and Reis combination, while teaching the 
detection of flaws on the tubing surface, the surface inherently having a color (if it didn't, 
it would be invisible), does not teach analyzing the tubing surface to detect the color of 
the tubing segment. 

Garcia discloses a system for inspecting an object for flaws from an image 
("determine the size of cracks and bubbles in copper bars" at column 2, line 7), 
comprising analyzing the object surface to detect the color of the object ("identifies the 
color of each square (white if It corresponds to the background and black if it 
corresponds to a flaw" at column 3, line 18; "color" at column 3, lie 20). 



Application/Control Number: 10/032,272 Page 36 

Art Unit: 2621 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to adapt the defect detection of the McCoy, Kanzaka, Newman and Reis 
combination to detect the color of the tubing segment as taught by Garcia, in order to 
distinguish defects on the tubing that are of a different color than the background 
because using this method, "there is no problem with regard to the alteration or 
contamination of the object being measured" (Garcia, column 3, line 35), and it provides 
a "reliable method of rapid and precise detection which is easy to handle" (Garcia 
column 1, line 54). 

22. Claim 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A). Kanzaka et al. (US 5,680,473 A), 
Newman (US 6,321,596 B1)and Reis etal. (US 4,311.905 A) as applied to claim 13 
above, and further in combination with Ortiz et al. (US 4,988,875 A). 

The McCoy, Kanzaka, Newman and Reis combination does not teach the 
imaging of the tubing using "a plurality of imaging devices" to capture the "outer 
circumference of the tubing" as required by claim 36. 

Ortiz discloses a system for inspecting a coiled tubing for defects (figure 11), 
comprising imaging the tubing using a plurality of imaging devices to capture the outer 
circumference of the tubing ("three . . . cameras, positioned to view the cable from 
angles of 120 degrees from each other, can provide view of the entire bulk of the cable 
jacket" at column 6, line 57). 
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It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide the McCoy, Kanzaka, Newman and Reis combination with a 
plurality of cameras as taught by Ortiz, in order to provide a "view of the entire bulk" of 
the cable (Ortiz, column 6, line 57) so that no defects are obscured by hidden views 
when only a single camera is used, thus provide a more complete inspection of the 
entire circumference. 

23. Claims 31 , 34 and 37 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the combination of McCoy et al. (US 5,767,671 A) and Kanzaka et al. (US 
5,680,473 A), and further in combination with Ortiz et al. (US 4,988,875 A). 

Regarding claim 31, McCoy discloses an inspection system for coiled tubing 
employed in a well (figure 4; "as the coiled tubing is unwound from the reel" at column 6, 
line 60; the tubing is inspected for "dents, wall thinning, cracks", etc. at column 5, line 
33), comprising: 

a sensing device (figure 4, numeral 52) sensing a condition of the coiled tubing 
surface (figure 4, numeral 16) as the coiled tubing is being injected into or removed from 
a well ("as the coiled tubing is unwound from the reel" at column 6, line 60). 

While McCoy contemplates any type of sensing device to achieve the desired 
inspection results (see "particular coiled tubing and test apparatus are neither the 
present invention nor limiting ..." at column 5, line 42), McCoy does not teach the 
remaining elements of claim 31 that are directed to image inspection. These elements 
are addressed in the description of the secondary teachings below. 
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Kanzaka discloses a system in tlie same field defect inspection (see figure 1 ), 
and in the same problem solving area of detecting and recording defects on a moving 
body (figure 1, numeral 1), comprising: 

an imaging device (figure 1, numeral 2) recording video signals (figure 1, V) of a 
segment of a moving body to be inspected (figure 1 , numeral 1 ); 

a flaw detection processor receiving the video signals (figure 1, numeral 3); and 

a program in the processor configured to execute pattern recognition software 
and analyze each image separately to detect discrete anomalies on the object (figure 1 , 
numeral 3; "An image or video signal v from the video camera 2 is processed by an 
inspection machine 3 that is an electronic processor to inspect the existence or not of 
defects such as flaws, dirty or the like on the surface of the inspected object" column 2, 
lines 59-62). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to employ, as the sensor and computer required by McCoy at figure 4, 
numerals 52 and 54, the camera and image analysis method of taught by Kanzaka (i.e., 
figure 1 , numeral 3) in order to detect flaws on the coiled tubing of McCoy. One would 
be motivated to utilize the camera and image analysis method of Kanzaka for the 
following reasons: 

In order to provide the operator with a complete set of the necessary data for the 
inspected object so that any defects and their locations are "readily apparent" (Kanzaka 
column 4, line 10), so that "an accurate judgment to the acceptance or rejection of the 
defect on the inspected object 1 can be made" (Kanzaka column 4, line 33A); 
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To provide the additional benefit of sorting "the grades of the defects" (Kanzaka 
column 4, line 36) which further assists on operator in separating potential defects from 
serious defects; 

To minimize storage requirements by only storing the necessary data and 
images of defects ("minimum usage" at Kanzaka column 4, line 24); 

To provide an increase in the "inspection speed" (Kanzaka column 1 , line 39) 
thus allowing the tubing to be inspected at a higher speed, thereby reducing inspection 
time; to 

Recognizing unwanted defects ("X marks ... cannot be overlooked" at column 3, 
line 18) and ignoring innocuous defects ("O marks ... may be ignored" at column 3, line 
20) thus distinguishing between unwanted and innocuous defects to further improve 
accuracy by flagging innocuous defects as such, and directing the operator's attention 
to more serious defects that could cause failure, and thus reduce the downtime 
associated with an operator having to review surface conditions that are not serious, 
and will not cause failure. 

The McCoy and Kanzaka combination does not teach the imaging of the tubing 
using "a plurality of imaging devices" to capture the "outer circumference of the tubing" 
as required by claim 31 . 

Ortiz discloses a system for inspecting a coiled tubing for defects (figure 11), 
comprising imaging the tubing using a plurality of imaging devices to capture the outer 
circumference of the tubing ("three ... cameras, positioned to view the cable from 
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angles of 120 degrees from each other, can provide view of the entire bulk of the cable 
jacket" at column 6, line 57). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide the McCoy and Kanzaka combination with a plurality of 
cameras as taught by Ortiz, in order to provide a "view of the entire bulk" of the tubing 
(Ortiz, column 6, line 57) so that no defects are obscured by hidden views when only a 
single camera is used, thus ensuring complete inspection of the entire circumference. 

Regarding claim 34, the limitations therein are met by the McCoy, Kanzaka and 
Ortiz combination described above. That is, Kanzaka teaches the transmission of a 
location counter (Kanzaka figure 1, numeral V) to the processor (Kanzaka figure 1 , the 
T signal traveling to numeral 3) to identify the poison along the moving body at which 
images are taken ("such distance data will be contained in data D" at Kanzaka column 
3, line 67; data "D" is merged with the captured images as described at column 3, lines 
40-43). Further, Kanzaka teaches a display of the images (figure 1 , numeral 12). All 
these limitations are incorporated into the inspection system of McCoy per the 
aforementioned combination. 

Regarding claim 37, the McCoy, Kanzaka and Ortiz combination teaches plural 
cameras (i.e., Oriiz figure 1 1 , numerals 36) that are utilized to capture the images 
required by the McCoy and Kanzaka combination. Ortiz also teaches illumination 
sources are required by claim 37 (Ortiz figure 1 1 , numerals 25). It would have been 
obvious to include the illumination sources of Ortiz in the combination in order to 
property illuminate the tubing under inspection so that a well defined, high contrast 
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image is captured to ensure defect detection accuracy. The combination does not 
teach transmitting power to the image devices and illumination sources. However, this 
would have been obvious to one skilled in the art in order to operate the devices, given 
that both the light sources and cameras require power to operate (the examiner is 
unaware of any cameras or light sources that don't require power). 
24. Claim 33 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A). Kanzaka et al. (US 5,680,473 A) and 
Ortiz et al. (US 4,988,875 A) as applied to claim 31 , and further in combination with 
Newman (US 6.321,596 B1). 

While the McCoy, Kanzaka and Ortiz combination teaches the image inspection 
of coiled tubing as it is being deployed (I.e., figure 4, numeral 52), comprising a guide 
roller mechanism and a storage reel (both seen in McCoy figure 1 ), the combination 
does not teach the placement of the cameras, and hence the apertures in close 
proximity to the guide rollers as required by claim 33. 

Newman discloses a system for inspecting coiled tubing as it is being deployed, 
comprising the placement of sensors, including cameras (figure 3, numeral 100), in 
close proximity to the guide rollers (figure 1, numeral 203). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to place the cameras of the McCoy, Kanzaka and Ortiz combination in 
close proximity to the guide rollers as taught by Newman, in order to place them in an 
area between the spool and the guide rollers where an unobstructed image of the entire 
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circumference of tlie tubing can be obtained as the tubing is spooled off the reel, 
thereby ensuring a complete coverage of the inspected area. 

25. Claim 42 is unpatentable over the combination of the combination of McCoy et al. 
(US 5,767,671 A), Kanzaka et al. (US 5,680,473 A) and Ortiz et al. (US 4,988,875 A) as 
applied to claim 31, and further in combination with Husseiny (US 5,210,704 A). 

While the McCoy, Kanzaka and Ortiz combination processes images to detect 
defects, the combination does not teach determining if the size of previously recognized 
anomaly has grown beyond a user-designated percentage of its original size. 

Husseiny discloses a system in the field of defect inspection and failure analysis, 
comprising identifying an anomaly as a defect by detemriining if a size has grown 
beyond a percentage of its original size (figure 17). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to monitor defect growth on the coiled tubing of the McCoy, Kanzaka and 
Ortiz combination, and thereby identifying defects when a threshold has been reached 
as taught by Husseiny, in order to identify "incipient failures ... during operation" and 
provide an indication to the operation of the tube's "expected life" along with "a warning 
for the remaining time until failure of the equipment" (Husseiny, column 4. lines 40-54). 
thereby providing the operator with the ability to predict a failure before it actually occurs 
in order to take appropriate action and avoid costly losses during an operation. 
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26. Claim 35 is unpatentable over the combination of the combination of McCoy et al. 
(US 5.767.671 A). Kanzaka et al. (US 5,680.473 A) and Ortiz et al. (US 4.988.875 A) as 
applied to claim 34, and further in combination with Vild et al. (US 4.123,708 A). 

Regarding claim 35, the McCoy, Kanzaka and Ortiz combination does not teach 
markings indicating the position of the discrete anomalies in the tubing. 

Vild discloses a system for inspecting tubes for flaws ("flaw inspection" and "pipe" 
at column 3, lines 35 and 37), comprising markings on the coiled tubing to provide 
location data on the coiled tubing ("marking of the location of the defect" at column 5, 
line 50; "marking gun" at column 6, line 5). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to modify the McCoy, Kanzaka and Ortiz combination to provide markings 
on the tubing where discrete anomalies are detected as taught by Vild. thereby 
providing a visual "indication not only of the longitudinal location of the defect, but also 
an indication of the circumferential location of the defect" (Vild column 5, line 53). 
These markings provide the combination with an easy, intuitive way from which to 
subsequently locate the defects both in the images and on the actual pipe. 

27. Claims 38 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of McCoy et al. (US 5,767,671 A), Kanzaka et al. (US 5,680.473 A) and 
Ortiz et al. (US 4,988,875 A) as applied to claim 31 , and further in combination with 
McCafferty et al. (US 6,273,188 B1). 
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The McCoy, Kanzaka and Ortiz combination does not teach camera location, and 
therefore does not teach placing the camera system on a levelwind that is coupled to a 
reel of the tubing. However, McCoy teaches the taking of measurements of the tubing 
as it is spooled from a reel onto a roller track (McCoy figures 1-3), and McCoy teaches 
sensor placement in an area where the tubing can be inspected as it passes the sensor 
(figure 4, numeral 52), 

McCafferty teaches the spooling of coiled tubing from a reel onto a roller track 
(figure 1), comprising a levelwind (figure 1, numeral 26) coupled to a reel of the tubing 
(as depicted in figure 1 ). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to attach the camera system of the McCoy, Kanzaka and Ortiz 
combination to a levelwind coupled to a reel of the tubing as taught by McCafferty, 
thereby providing a stable platform for the camera system to clearly capture images of 
the tubing as it is being spooled or unspoiled from the reel. 

28. Claims 39 and 40 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the combination of McCoy et al. (US 5.767.671 A), Kanzaka et al. (US 5.680,473 
A) and Ortiz et al. (US 4,988,875 A) as applied to claim 31 , and further in combination 
with Morrison et al. (US 5,033,096 A). 

Regarding claim 39, the McCoy, Kanzaka and Ortiz combination captures video 
images and transmits them to a defect detection processor (Kanzaka figure 1 , numerals 
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2-3). The combination does not teach storing the images on a recordable media prior to 
processing the images. 

Morrison teaches a system for visually inspecting a moving article (figure 1 ), 
comprising capturing video images (figure 1, numeral 6) and storing the images on a 
recordable media (figure 1, numeral 9, "framestore") prior to processing (figure 1, 
numeral 10). That is, Morrison teaches an image grabber input device (figure 1, 
numeral 9) receiving the video signals (figure 1, numeral 8) and generating sequential 
images of the moving object's surface from the video ("captured signals corresponding 
to each frame of video signals are preferably digitized ..." at column 4, line 38). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to store the video images of the McCoy, Kanzaka and Ortiz combination 
(i.e., the V signal indicated at Kanzaka figure 1) prior to processing the images (i.e., 
Kanzaka figure 1 , numeral 3) as taught by Morrison. One would be motivated to 
incorporate the digitizer/framestore of Morrison into the above combination for the 
following reasons: 

To provide a storage device for the images to ensure that none were lost or 
corrupted in the event of a power failure or glitch; 

To process individual images as is required by the McCoy. Kanzaka and Ortiz 
combination (i.e., "an image ... is processed" at Kanzaka column 2, line 59) by 
converting the input video signal, which is a continuous signal representing a plurality of 
images in serial sequence, into individual digitized images; 
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Because of the ability to "collect the video information sufficiently quickly that the 
spatial resolution of the camera is not degraded, and to digitized the infomriation into a 
large range of numbers representing brightness or gray levels" (Morrison, column 7, line 
10), thus producing an accurate image in a short period of time; and 

Because of the ability to store the Images "in a dedicated area of memory" 
(Morrison, column 7, line 27) which offers "higher overall system speed" (Morrison, 
column 7, line 34), thus providing the McCoy and Kanzaka combination with the ability 
to accurately process more images to ensure that no defects on the moving tubing are 
missed. 

Regarding claim 40, given that Kanzaka, as part of the McCoy, Kanzaka and 
Ortiz combination described above, teaches a position counter (i.e., Kanzaka figure 1 , 
numeral 1') whereby the counter value is transmitted to the processor 3 for storage with 
the Images, it would have been obvious to include and store those values with the 
images for the same reasons and motivation provided in the claim 39 rejection above 
(i.e., so they are not lost or conrupted in the event of a power failure, etc.). 

29. Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination Lam (US 5,043,663 A) and Kanzaka et al. (US 5,680.473 A), and further in 
combination with Newman (US 6,321,596 81). 
Regarding claim 13, Lam discloses: 

a tubing ("pipe associated with oil and gas wells" at column 4, line 8), the 
outermost layer having a longitudinal stripe ("longitudinal seam" at column 6, line 64); 
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an inspection device taking readings of a segment of the coiled tubing 
("inspection head 12" at column 5, line 28) as the coiled tubing is presented before the 
imaging device ("inspected during removal from the well" at column 4, line 12), 

a processor receiving the inspection signals from the inspection head (figures 1 
and 2, numeral 18); and 

a program in the processor ("computer program" at column 10. line 52) analyzing 
the inspection signals to detect a circumferential position of a defect in reference to the 
stripe (figure 4A; the defects are represented at numerals 50, in relation to their 
longitudinal and circumferential positions with respect to each other; pipes having the 
aforementioned seam, while not necessarily depicted in figure 4A, would also appear 
here as plotted data is clear from column 6, lines 65-68; thus, defects are plotted in 
relation to the seam). 

Lam inspects tubing for such defects as "inclusions", "gouges", (both at column 1, 
lines 20-21), "mechanical damage, pitting and fatigue cracks" (column 1, line 40). While 
Lam indicates that any type of inspection device "capable of generating a suitable 
defect signal" (column 5, line 38) can be used in the context of the invention, and while 
Lam suggests "visual inspection" (column 6, line 52), Lam does not teach: 

An imaging device recording video signals of the coiled tubing, where the 
processor receives the video signals from the imaging device; and 
Where the program in the processor analyzes the inspection signals video signals to 
detect the defects. 
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Kanzaka discloses a system in the same field of optical defect inspection (see 
figure 1), and in the same problem solving area of detecting and recording defects on a 
moving body (figure 1, numeral 1), comprising computer analysis of individual images in 
order to determine the presence of a defect (figure 1 , numeral 3; "An image or video 
signal v from the video camera 2 is processed by an inspection machine 3 that is an 
electronic processor to inspect the existence or not of defects such as flaws, dirty or the 
like on the surface of the inspected object" column 2, lines 59-62). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to employ, as the inspection method required by Lam, the computer 
image analysis processor taught by Kanzaka (i.e., figure 1 , numeral 3). One would be 
motivated to utilize the processor of Kanzaka for the following reasons: 

Computer processors are faster than discrete analog circuitry, and the algorithms 
can be modified, updated or changed without major hardware adjustments; 

In order to provide the operator with a complete set of the necessary data for the 
inspected object so that any defects and their locations are "readily apparent" (Kanzaka 
column 4, line 10), so that "an accurate judgment to the acceptance or rejection of the 
defect on the inspected object 1 can be made" (Kanzaka column 4, line 33A); 

To provide the additional benefit of sorting "the grades of the defects" (Kanzaka 
column 4, line 36) which further assists on operator in separating potential defects from 
serious defects; 

To minimize storage requirements by only storing the necessary data and 
images of defects ("minimum usage" at Kanzaka column 4, line 24); 
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To provide an increase in the "inspection speed" (Kanzaka column 1 , line 39) 
thus allowing the tubing to be inspected at a higher speed, thereby reducing inspection 
time; to 

Recognizing unwanted defects ("X marks ... cannot be overlooked" at column 3, 
line 18) and ignoring innocuous defects ("O marks ... may be ignored" at column 3, line 
20) thus distinguishing between unwanted and innocuous defects to further improve 
accuracy by flagging innocuous defects as such, and directing the operator's attention 
to more serious defects that could cause failure, and reduce the downtime association 
with an operator having to review surface conditions that are not serious, and will not 
cause failure. 

The Lam and Kanzaka combination does not teach the tubing as having layers 
of fibers. 

Newman also teaches a system for inspecting a coiled tubing (figure 3), 
comprising the inspection of a composite tubing ("coiled tubing" and "composites" at 
column 1 , lines 8 and 11) having layers of fibers ("composite" pipes have layers of 
fibers), the outermost layer having a longitudinal stripe ("visible line" at column 3, line 
42). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to inspect composite tubing, such as the tubing taught by-^Newman, using 
the system of the Lam and Kanzaka combination, because the oil and gas well tubing 
that Lam seeks to inspect includes not only metal tubing as taught by Lam, but also 
plastic and composite tubes as taught by Newman (column 1, line 11). One would be 
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motivated to inspect composite tubing because it is commonly used in tlie industry, and 
also requires the same types of inspection for flaws and imperfections and the Lam and 
Kanzaka is ideally suited to do so, because it uses image analysis and can distinguish 
the stripe of the Newman tubing from the other defects using the defect plot of Lam at 
figure 4A. 

30. Claim 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination Lam (US 5,043,663 A), Kanzaka et al. (US 5,680,473 A) and Newman (US 
6,321 ,596 B1) as applied to claim 13, and further in combination with Ortiz et al. (US 
4.988,875 A). 

The Lam, Kanzaka and Newman combination does not teach the imaging of the 
tubing using "a plurality of imaging devices" to capture the "outer circumference of the 
tubing" as required by claim 36. 

Ortiz discloses a system for inspecting a coiled tubing for defects (figure 1 1 ), 
comprising imaging the tubing using a plurality of imaging devices to capture the outer 
circumference of the tubing ("three . . . cameras, positioned to view the cable from 
angles of 120 degrees from each other, can provide view of the entire bulk of the cable 
jacket" at column 6, line 57). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to provide the Lam, Kanzaka and Newman combination with a plurality of 
cameras as taught by Ortiz, in order to provide a "view of the entire bulk" of the cable 
(Ortiz, column 6, line 57) so that no defects are obscured by hidden views when only a 
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single camera is used, thus provide a more complete inspection of the entire 



circumference. 



Conclusion 



31 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Brian P. Werner whose telephone number is 703-306- 
3037. The examiner can normally be reached on M-F, 8:00 - 4:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Leo H. Boudreau can be reached on 703-305-4706. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status infomiation for unpublished applications is available through Private PAIR only. 
For more infomiation about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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